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A graph G is called uniquely hamiitonian-connected from a vertex v if, for every vertex 
u ¢: v, there is exactly one v-u hamiltonian path in G. The main results are that if [ V(G)[ = n 
3, then (1) deg(v) is even (2) n is odd, and (3) IE(G)[<~(3n-3)I2. Several constructions of 
graphs uniquely hamiltonian-connected from a vertex are given. 
1. Introduction 
Our terminology follows that of the books [1] and [3]. A path (cycle) in a graph 
G is called a hamiltonian path (cycle) of G if it contains every vertex of G. A 
graph G is (uniquely) hamiltonian if it contains a (unique) hamiltonian cycle. A 
graph G is hamiltonian-connected if G contains a u -v  hamiltonian path for each 
pair u, r of distinct vertices of G [4]. A graph G is hamiltonian-connected from a 
vertex v of G if G contains a u-u  hamiltonian path for each vertex u ~ r [2]. 
The object of this paper is to consider a subclass of the class of graphs 
hamiltonian-connected from a vertex: a graph G is uniquely hamiltonian- 
connected from a vertex v of G if G contains exactly one v-u  hamiltonian path for 
each vertex u~ v. 
At first glance this definition may appear extremely restrictive. However, it is 
not vacuous since, for each odd n >/3, there is a graph of order n uniquely 
hamiltonian-connected from a vertex v (Fig. 1). Also, in Section 3, we present 
several constructions which yield a variety of graphs uniquely hamiltonian- 
connected from a vertex. 
Observe that K1 and K2 are both uniquely hamiltonian-connected from a 
vertex. But these are oddities and henceforth we only consider graphs of order ~> 3. 
It will be convenient to standardize some notation before continuing. Let G be 
Fig. 1. 
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a graph with v ~ V(G)  and X~_ V(G), then k(G) denotes the number of compo- 
nents of G, degG(v) denotes the degree of v in G and (X) denotes the subgraph 
of G induced by the vertices of X. For real number x, [xJ denotes the greatest 
integer ~<x and Ix1 denotes the least integer >~x. 
2. Mainresults 
Theorem 1. Suppose G is uniquely hamiltonian-connected from v and has order 
>13. Then 
(a) dega(v) is even, and 
(b) if dego(v)= 2t, then G has exactly t hamiltonian cycles. 
Proof. Let w be any vertex adjacent o v. The edge vw and the unique v-w 
hamiltonian path together form a hamiltonian cycle of G containing vw. If G has 
another hamiltonian cycle containing edge vw then deleting vw from this cycle 
gives a second v-w hamiltonian path in G, contrary to assumption. Therefore, 
each edge incident to v lies on exactly one hamiltonian cycle of G. Since each 
hamiltonian cycle of G contains two edges incident o v, we can pair off the edges 
incident o v according to which hamiltonian cycle of G they lie on. It follows that 
dego(v) is even and if dego(v) = 2t then G has exactly t hamiltonian cycles. I-1 
The graphs shown in Fig. 2 are obtained from the wheel graphs W4,+~ (t I> 1) by 
deleting t pairs of successive spokes and are readily seen to be uniquely 
hamiltonian-connected from the hub vertex v--thus v may have arbitrarily high 
even degree. 
In [2], examples are given of graphs with n vertices which are hamiltonian- 
connected from any number (except n - 1) of their vertices. Whether a graph may 
be uniquely hamiltonian-connected from more than one vertex is still open, but as 
a corollary of Theorem l(b) we have: 
Corollary 1. I f  G is uniquely hamiltonian-connected from vertices vl and 1)2, then 
degG (vl) = dego (v2). 
Fig. 2. 
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ProoL By Theorem l(b), ½ dego(v l )=the  number of hamiltonian cycles of G = 
½ deg~(v2). []  
For the next few results we need some definitions. Let G be any graph and v a 
fixed vertex of G. For u ~ V(G) -{v}, denote by ~ the (possibly empty) set of all 
v-u  hamiltonian paths in G. Any dement  of ~ will be denoted by H~. Consider 
the hamiltonian path from v 
Hy:v .  . .  wx . . .  y. 
If y is adjacent o w in G then the hamiltonian path from v 
H~:v . . .  wy . . .x  
obtained from H~ by deleting wx and adding edge wy is called a transform of H r. 
We also call the operation taking us from Hy to H~ a transform and say that 
vertex w effects the transform. 
Define the transform graph of G at v, denoted T(G, v), to be the multigraph 
with vertex set V(G) -{v}  in which two vertices x and y are joined by as many 
edges as there are transforms between members of ~ and members of ~y. (One 
of the referees has pointed out that a graph similar to T(G, v) is mentioned by 
A.G. Thomason [5]). 
Theorem 2. I f  G is uniquely hamiltonian-connected from v then T(G, v) is a forest. 
ProoL Suppose to the contrary that T(G,v)  is not a forest and that 
C: Xl, x2 . . . .  , x~, xl (m~2)  is a cycle in T(G, v). Consider the unique v-xa 
hamiltonian paths H~, for 1 ~< i ~< m. Let P: v • • • y be the longest subpath of Hxl 
such that P is an initial subpath of each H~, 1 ~< i ~< m, (such a path exists since 
each H~,, 1 <~ i ~< m, begins with the trivial path consisting only of vertex V). Since 
x~x~+l is an edge of T(G, v), H,q÷ 1is a transform of H~, 1 ~i~m,  where subscripts 
are taken modulo m. From the choice of P it follows that vertex y effects one of 
these transforms. Suppose, without loss of generality, that y effects the transform 
from H~1 to H~. Then these two hamiltonian paths have the form: 
Hx:  v " ' "  yx2"  " " x 1 and H~: v ' ' '  yxl " ' "  x2 .  
Starting with H~I , let us carry out the transforms to H~, then from H,~ to / -~,  and 
so on until we finally transform from H~ to H~,. Since we are now back at H~I, 
we must at some stage have recovered the order of the vertices • • • yx2 • • •. Again 
by the choice of P, the only way this could have happened is if we had carried out 
a transform effected by y on a member  of ~ of the form 
v . . .yz . . -x2 .  
But there is only one v-x2 hamiltonian path in G, namely H~. Therefore, z = x~ 
and the transform just described is simply a reversal of the original transform 
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from H~, to H~. This contradicts the assumption that C is a cycle and so 
completes the proof. []  
Note that the converse of Theorem 2 is false. Even if we assume that G is 
hamiltonian-connected from v and that T(G, v) is a forest then G need not be 
uniquely hamiltonian-connected from v. For example, the graph of Fig. 3(a) is 
readily seen to be hamiltonian-connected from v and T(G, v) is the forest P12 but 
there are two v-x and two v-y hamiltonian paths in G so that G is not uniquely 
hamiltonian-connected from v. Fig. 3(b) provides infinitely many examples of such 
graphs. 
Lemmn 1. If  G has order n >I 3 and is uniquely hamiltonian-connected from v then 
IE(G)I = ½(3n - 3 ) -  k (T(G, v)) + ½ dego (v). (1) 
ProoL It follows from the definition of T(G, v) for any graph G and vertex 
v ~ V(G) that if x ~ V(G) -{v}  then degTto.~)(x) = I~xl" (dego(x) -  1) since each 
member of ~ has exactly dego(x) -1  transforms. Since we assume that G is 
uniquely hamiltonian-connected from v, I~[  = 1 for each x so that 
degr(~.~)(x) = degG (x) - 1. (2) 
Using (2) we have 
IE(T(G, v))l = ½ ~ degT(o,~)(x) 
x E V(T(G,~ )) 
= ½ ~ (degG (x)-- 1) 
x~V(G)-(v) 
= IE(G)1-½(n - 1)-½ dego (v). (3) 
By Theorem 2, T(G, v) is a forest. Therefore, 
I V(T(G, v))l = k(T(G, v))+ IE(T(G, v))l. 
The required Equation (1) is obtained by substituting the expression on the 
right hand side of (3) for [E(T(G, v))l and noting that I V(T(G, v))l = n -  1. [ ]  
v 
x Y 
v 
(Q) (b) 
Fig. 3. 
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Theorera 3. I f  G has order n >I 3 and is uniquely hamiltonian-connected from v, 
then n is odd. 
Proof. Consider equation (1) of Lemma 1. IE(G)[ and k(T(G, v)) are integers 
and, by Theorem l(a), so too is ~ dego(v). Therefore, ½(3n -3 )  is an integer and n 
is odd. []  
Theorem 4. I f  G has order n >I 3 and is uniquely hamiltonian-connected from v, 
then IE(G)I ~<½(3n - 3). 
Proof. We will show that 
k(T(G, v)) >~½ degG(v) (4) 
since the required inequality will then follow immediately by combining equation 
0 )  with inequality (4). 
Suppose that degG(v)= 2t for some t ~> 1 and that {Ua, Wl}, {u2, w2} . . . . .  {u~, wt} 
are the pairs of vertices adjacent o v such that, for each 1 <- i <~ t, u~vwi is an arc 
of a hamiltonian cycle of G. If t = 1 then (4) is obviously true, so assume t~> 2. For 
1 ~< i ~< t, let x~ denote either member of {u~, w~}. 
In order to establish (4), it will be enough to show that 
if i~tj, then no hamiltonian path from v using edge vx~ can (5) 
be obtained by a sequence of transforms from a hamiltonian 
path from v using edge vx~, 
since, in particular, it will follow from this that the t vertices u~, 1 ~< i ~< t, all lie in 
different components of T(G, v) so that k(T(G, v))>~t =½degG(v) as required. 
Suppose that statement (5) is false and that such a sequence of transforms exists. 
Then one of the transforms in this sequence must have been effected by v, taking 
us from, say, 
H .~:vu i ' ' ' uh  to H~:vuh ' ' 'u i  
for some h~ i (h not necessarily equal to j). But the hamiltonian cycle of G 
containing the arc u~vw~ contains a v-u~ hamiltonian path of the form 
H,~: vw~ " " ui. 
Since h ~ i, uh ~ w~ and we have two different v-u~ hamiltonian paths, a contradic- 
tion. Therefore (5) is true and the proof is complete. []  
Note that the graphs of order n in Figs. 1 and 2 have exactly ½(3n -3 )  edges. In 
fact, we know of no graphs of order n which are uniquely hamiltonian-connected 
from a vertex and have fewer than ½(3n- 3) edges. On the other hand, we see no 
reason why such graphs should not exist. 
Corollary 2. I f  G has order n >I 3 and is uniquely hamiltonian-connected from v 
with degG(v) = 2t, then at least 2t of the vertices in V(G) -{v}  have degree 2 in G. 
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Proot. Certainly no vertex of G has degree <2. Let n2 denote the number of 
vertices in V(G) -{v}  having degee 2 in G. By Theorem 4, 
3n-3~2.  IE(G)I 
= ~ deg6(x) 
x~V(G) 
>I 2t + 2nz + 3(n - ha -  1) 
.'. na ~ 2t. []  
The graphs of Fig. 2 show that Corollary 2 cannot be improved. 
If a graph G has property P, then G is maximal  (minimal) with respect o 
property P if the addition (deletion) of any edge results in a graph which does not 
have property P. 
l~neorem 5. I f  G is uniquely hamiltonian-connected from a vertex, then G is both 
maximal and minimal with respect o this property. 
The proof of the 'minimal part' of Theorem 5 is a consequence of the next 
lemma. A similar statement, which is omitted, can be made about the addition to 
G of an edge connecting two non-adjacent vertices--and from this follows the 
proof of the 'maximal part' of Theorem 5. 
Lemmn 2. Suppose G has order >15 and is uniquely hamiltonian-connected from v. 
Then every edge of G lies on at least two hamiltonian paths from v. Furthermore, 
every edge of G-v  is traversed at least once in each direction by some hamiltonian 
path from v. 
Proof. First consider an edge vx. Let y be the other vertex adjacent o v on the 
hamiltonian cycle of G containing vx. Then Hy contains vx. If deg~(y) = 2 and v 
and w are its neighbours then, since G has order >--5, there is no v-w hamiltonian 
path in G, a contradiction. Therefore dego(y)>/3. Let w be a vertex adjacent to y 
(other than v and the vertex adjacent o y in Hy). Then Hy has the form 
Hy: vx . . . wu . . . zy. 
From this we get a transform which is a second hamiltonian path from v using vx 
H~: vx • • • wyz • • • u. 
Secondly, suppose xy is an edge of G-v .  Consider Hx. Either Hx ends with edge 
yx or it doesn't. If it doesn't hen it has the form 
Hx: ' "yu ' "x  
and the transform 
H, : ' "yx" 'u .  
Graphs uniquely hamiltonian-connected froma vertex 67 
In either case, we have a hamiltonian path from v in which edge xy is traversed 
from y to x. Similarly considering/-~, we get a hamiltonian path from v in which 
edge xy is traversed from x to y. This completes the proof. [ ]  
We can now make clear the relationship between the three classes of graphs 
hamiltonian-connected from a vertex (HC from v), hamiltonian-connected graphs 
(HC) and graphs uniquely hamiltonian-connected from a vertex (UHC from v). 
The latter two classes are readily seen to be properly contained in the first. If G 
has order >~ 4 and is uniquely hamiltonian-connected from v then, by Corollary 2, 
G has a vertex, x say, of degree 2. There can be no hamiltonian path in G 
between the two vertices adjacent o x so that G is not hamiltonian-cormected. 
Therefore, the only graphs common to the latter two classes are K1, / (2 and K3 
.(see Fig. 4). 
To complete the picture, a graph G should be called uniquely harailtonian- 
connected ff G contains exactly one u-v  hamiltonian path for each pair u, v of 
distinct vertices of G. However, since such a graph must be uniquely hamiltonian- 
connected from each of its vertices, it cannot have order ~>4. Therefore, K1, / (2 
and/ (3  are the only uniquely hamiltonian-connected graphs. 
If G is hamiltonian-connected from v, call an edge e = xy of G a forced edge if 
e lies on every hamiltonian path of G starting at v. We make the following simple 
observations: 
(1) no edge incident to v is forced, 
(2) no two forced edges are adjacent, 
(3) if xy is an edge of G-v  and dego(x) = dego(y) =2,  then xy is a forced edge, 
(4) if O is uniquely hamiltonian-connected from v and deg~(x)=2 (x~v) ,  
then exactly one edge incident to x is forced. 
A graph which is only hamiltonian-connected from a vertex may have no forced 
edges, e.g. the complete graph K,  for n I>4. However, for graphs uniquely 
hamiltonian-connected from a vertex we have the following result which follows 
from Corollary 2 and the above observations. 
Corollary 3. If  G has order n >1 3 and is uniquely hamiltonian-connected from v, 
HC 
from v 
Fig. 4. 
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V v 
e e 
V 
e e 
Fig. 5. Forced edges are labelled e. 
then G has at least one forced edge. If n2 vertices in V(G) - {v} have degree 2 in G, 
then G has at least [½n2] forced edges. 
The fact that forced edges must exist in a graph uniquely hamiltonian- 
connected from a vertex will be useful in some of the constructions given in the 
next section. 
What is the maximum number of forced edges in a graph G of order n/> 5 
which is uniquely hamiltonian-connected from a vertex v? By observations (1) 
and (2) there are at most ½(n - 1) forced edges. The graphs of Fig. 5 have ½(n - 3) 
forced edges. It is easy to show that if G-v is hamiltonian then no edge incident 
to any vertex adjacent o v is forced, so that in this case ½(n-3) is the maximum 
possible number of forced edges. However, for all known graphs G of order n/> 5 
which are uniquely hamiltonian-connected from a vertex, G-v is hamiltonian (in 
fact, uniquely hamiltonian). 
3. Some constructions 
The proofs that these constructions work are straightforward and are therefore 
omitted. 
Conmmetion 1. For i = l, 2, let G~ be a graph of order I> 3 uniquely hamiltonian- 
connected from vertex v~. Let xy be a forced edge of G1. Suppose degG2(v2)= 2 
with u and w its neighbours. Form the graph G from G1 and G2 by deleting edge 
xy from Gx, deleting vertex v2 from G2 and identifying the pair of vertices x and 
u and the pair y and w (see Fig. 6). Then G is uniquely hamiltonian-connected 
from v~. 
Construction 2. For l<~i<~rn (m~>2), let Gi be a graph of order I>3 uniquely 
hamiltonian-connected from vi with x~yi a forced edge of Gi such that there is a 
unique x~-y~ hamiltonian path in Gi-vi. Form the graph G from Gx, G2 . . . . .  G,, 
as follows: identify the vertices vl, v2 . . . . .  vm as a single new vertex v, add 2m 
new vertices u~ and t~ for i = 1, 2 . . . . .  m and add 3m new edges y~u~, u~ and ~x~+l 
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G1 : 
x y 
V2 v, 
x/u 
Fig. 6. Example of Construction 1. 
for i=  1, 2 . . . . .  rn with subscripts taken modulo m (see Fig. 7). Then G is 
uniquely hamiltonian-connected from v. 
Construction 3. Suppose Go has order I>5 and is uniquely hamiltonian-connected 
from v0 such that degao(V0) =2, VoWX is an arc of the hamiltonian cycle of Go with 
deg~o(X) = 2 and that the unique v-x  hamiltonian path in Go does not use edge 
wx. Form the graph G from Go by adding four new vertices v, a, b and c and six 
new edges wa, ab, bc, cx, VVo and vc (see Fig. 8). Then G is uniquely hamiltonian- 
connected from v. 
Note that if Construction 3 can be applied to a graph Go of order n, then in the 
resulting graph G of order n + 4 only three hamiltonian paths from v, namely Hb, 
and Hx, use the edge vc and the remaining n hamiltonian paths from v use 
the edge VVo. 
Construction 4. Suppose Go, of order I>5, is uniquely hamiltonian-connected 
from vertex v and that uvwx is an arc of a hamiltonian cycle of Go with 
degoo(W) = 3. Form the graph G from Go by adding two new vertices a and b, 
adding four new edges wa, ab, bx and vb and deleting edge vw (see Fig. 9). Then 
G is uniquely hamiltonian-connected from v. 
×1 Yl X2 Y2 
t2 U2 
)12 
u~ t~ 
Fig. 7. Example of Construction 2. 
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Vo 
Go" ~w 8: 
X 
V Vo 
X C 
Fig. 8. Example of Construction 3. 
W U W U x@ 
Go" G: 
Fig. 9. Example of Construction 4. 
4. Graphs hnmNonian-connected from a vertex 
Referring to Construction 1 of the preceding section, note that if the graphs Gt 
and G2 were only hamiltonian-connected from vl and v2, respectively, then the 
resulting raph G would also be hamiltonian-connected from vt. In particular, let 
G1 and G2 both be the graph of Fig. 3(a) and apply Construction 1 using the 
forced edge xy. The resulting raph is hamiltonian-connected from vz and has a 
V~ 
x~ y~ 
Fig. 10. 
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2k+4 
2k~ ~- .~ 
2k+2 
~ 4 
k 2k_~ 
2k+1 k~3 
Fig. 11. 
1 
4k÷3v.,...,O.... 2
4 k+l c ' (  4 
2k+5~ 
2k+4 ~- 
~+2k 
'2k+1 
2k+3 2k÷2 k~3 
forced edge xlyl (see Fig. 10) which can be used in a second application of 
Construction 1 with a third copy of the graph of Fig. 3(a). The result is a family of 
graphs hamiltonian-connected from a vertex with 10k+3 vertices and 14k+3 
edges (k~>l). By suitably using the graphs of Fig. 11, which are hamiltonian- 
connected from the vertices labelled 1, we can find a graph hamiltonian- 
connected from a vertex having n vertices and [½(7n-2)J edges for each odd 
n I> 13. This is a slight improvement on the constructions given in [2] where it is 
shown that a graph of order n I> 4 which is hamiltonian-connected from a vertex 
has at least [¼(5n- 1)] edges and examples are given having [~(3n-3) /  edges for 
each n >I 9. 
5. Subgraphs of G-v  
Conjecture. Let H be a graph. Then there exists a graph G which is uniquely 
hamiltonian-connected from a vertex v such that H is an induced subgraph of 
(3-v. 
For example, the graphs of Fig. 1 contain arbitrarily long induced paths and 
graphs containing arbitrarily long induced cycles can be found using Construction 
1 on the graphs of Fig. 5. In view of Constructions 1 and 2, we can restrict 
attention to connected graphs H. So far we have made little progress on the 
conjecture--we cannot even show it is true when H is the star K(1, s) for s >~ 5. In 
this section we will obtain some necessary conditions on the degrees of the 
vertices of H when H is a complete graph of order I>3. 
"I'aeorem 6. Suppose G is uniquely hamiltonian-connected from v and that x, y and 
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z are the vertices o f  a triangle in G-v .  Then  the degrees in G o f  x, y and  z are at 
least 3, 3 and  4 (in some order). 
ProoL We first show that 
either xy~E(Hz)  or yz~E(H~)  or zx~E(Hy) .  (6) 
For if xy ~ E(Hz)  then, without loss of generality, Hz has the form 
H~:v  . . . xy  . . . z  
and therefore 
Hy: v . . . xz  . . -  y. (7) 
If, in addition, yz ~ E(Hx)  then H~ has the form either 
Hx: v . . . yz  . . . x or H~: v . . . zy  . . . x 
and since x is adjacent o both y and z these give the transforms 
H~:v . . .yx . . . z  or Hy:v . . . zx . . .y .  (8) 
In either case, the hamiltonian paths of (7) and (8) together contradict he fact 
that G is uniquely hamiltonian-connected from v. This establishes (6). It aow 
follows that none of the vertices x, y or z has degree 2 since, if dego(x) = 2, then 
Hy ends . . . zxy ,  Hz ends . . . yxz  and (transforming Hy) H~ ends . . . zyx ,  
contradicting (6). 
Finally suppose, without loss of generality, that xy¢E(H~) .  Edges xz  and yz  
cannot both be in H~, say xz  is not. Then the vertices adjacent o x in Hz are two 
vertices other than y and z. Therefore, deg0 (x) >/ 4. []  
The graph G of Fig. 8 contains a triangle in G-v  whose vertices have degrees 
3, 3 and 4 in G so that Theorem 6 cannot be improved. 
For the rest of this section we assume that G is uniquely hamiltonian-connected 
from v and that A ~ V(G) -{v}  is such that (A )~-Kt  for some t~>4. 
Lemma 3. No  hami l ton ian  path f rom v in G contains two non-ad jacent  edges o f  
(A ) .  
Proot. If Hx contains two non-adjacent edges ab and cd of (A), then H~ has the 
form 
H~: " " ab . . .  cd • . .  x. 
Since a is adjacent o c, and b is adjacent o d, we can reverse the order of the 
b-c  subpath giving a second v-x  hamiltonian path 
Hx: • "" ac . .  • bd • • • x, 
a contradiction. []  
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I.~mmn 4. I f  a ~ A then Ha contains at most one edge of (A  ). Furthermore, if Ha 
does contain an edge of (A)  it is the final edge of Ha. 
Proof. If Ha contains two edges of (A) they must be adjacent, by Lemma 3, so 
that Ha has one of the forms 
Ha: " " bcdy " " a or Ha: " " bx " " cda 
where b, c and d are vertices in A. But in either case the transform effected by b 
is a hamiltonian path from v containing two non-adjacent edges of (A), con- 
tradicting Lemma 3. Therefore, Ha has at most one edge of (A). 
Now suppoe Ha contains edge bc of (A) which is not the final edge of Ha- Ha 
therefore has one of the forms 
Ha:" 'dy ' "bc" 'a  or Ha: ' "bc" 'dy" 'a  
where d is any vertex of A other than a, b or c. We again get a contradiction of 
Lemma 3 since, in either case, the transform effected by d is a hamiltonian path 
from v containing two non-adjacent edges of (A). This contradiction completes 
the proof. []  
Theorem 7. No vertex of A has degree t - 1 in G and at least t -  1 of the vertices of 
A have degree >~t + 1 in G. 
Proot. First suppose that a e A and deg~(a)= t -  1, so that a is adjacent only to 
vertices in A. Let b e A, b~ a. Then Hb must contain two edges of (A) incident o 
a, contradicting Lemma 4. Therefore all vertices of A have degree ~>t. Now 
suppose a, b ~ A with dego(a)=d ego(b)= t and let c be any other vertex of A. 
Since a and b are each adjacent o only one vertex not in A, ~ must contain an 
edge of (A) incident to each of a and b. This contradicts Lemma 4, since it 
implies either that Hc contains two edges of (A) or that it contains one edge of 
(A) which is not the final edge of/-/~. Therefore, at most one vertex of A can have 
degree t in G and so the proof is complete. [ ]  
The next two corollaries follow easily from the preceding lemmas and theorem. 
CorollAry 4. I[ a~A and dego(a)= t, then, for each b~A-{a},  Hb ends with 
edge ab and dego(b)>~2t-3.  
Coronary 5. I[ x ~ V(G) -{v}- :  A,  then Hx contains at most two edges of (A)  and, 
i[ it contains two, then they are adjacent. 
6. Open questions 
Finally we present together the four major open questions. Suppose G has 
order n and is uniquely hamiltonian-connected from vertex v. 
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(1) Can G be uniquely hami l ton ian-connected f rom a vertex other  than v? 
(2) Must G-v  be (uniquely) hami l ton ian? 
(3) Can G have fewer than ½(3n-3)  edges? 
(4) Are  any graphs forb idden as subgraphs of G-v?  
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